Portions of this document may be illegible in electronic image products. Images are produced f h m the best available original dOCUmf2Ilt.
I, Introduction
Co/Cr alloys and superlattices have long been the subject of study as candidates for increasing information density in recording media. This is in part due to the uniaxial crystalline anisotropy inherent in hcp Co which gives it fundamentally unique magnetic properties in comparision with cubic Fe and Ni.
Recently, investigators (l,2,3,4) have utilized epitaxial growth techniques to deposit coherent hcp Co layers with in-plane c-axis orientation. By choosing appropriate substrate and buffer layer crystalline orientations, one can control the symmetry of the in-plane magnetic anisotropy, and the interlayer coupling strength (and therefore the magnetoresistance) in Co based superlattices. Of particular technological interest are the small Co domains arising from perpendicular c-axes oriented in registry with a four-fold symmetric substrate lattice. We have prepared epitaxial Co/Cr superlattices on MgO substrates for the purpose of investigating the anisotropy, coupling energies, and magnetotransport properties. Particularly noteworthy is our conclusion that both the sign and magnitude of the magnetic anisotropy associated with the four-fold symmetry samples can be understood as arising from the second order Co uniaxial anisotropy energy.
II. Experimentalbetails
Two Series of [C0(2OA)/Cr(t~r)]20 superlattices with (7 I Q r I 22A) were epitaxially sputtered onto single crystal MgO (100) and ( 110) substrates. The substrates were mounted side-by-side onto the sample holder and simultaneously deposited. A 100 A Cr layer was initially deposided at a substrate temperature of 600°C resulting in epitaxial Cr (21 1) and (100) buffer layers on MgO (1 10) and (100) respectively. 
III. Results and Discussion
Magnetic hysteresis measurements were performed using a vibrating sample magnetometer (VSM) at room temperature with the field in-plane. Magneto-transport properties were measured from room temperature to 5 K using a standard four-terminal d.c. technique with a constant current and H in-. (100) [Oil] easy axis directions and strength determined by the second-order uniaxial anisotropy constant.
Magnetic hysteresis loops and giant magnetoresistance (GMR) curves measured with the applied field along the easy and hard axis for samples with the strongest antiferromagnetic (AF) coupling strength in each series are shown in Fig. 2 and 3 , respectively. We will first focus on the superlattices on . The saturation fields for the applied field paralles to the easy and hard axes are 4.7 and 11.3 kOe respectively. The difference in saturation fields reflects the four-fold anisotropy. Assuming a four-fold anisotropy described by Eq. (l), the expected saturation fields are H = (451 + 8J2 2 2K2)A4&0 where the + and -correspond to the hard and easy axes, respectively. From the difference in the Hs values, the estimated value for K2 is 2.3~106 ergdcm3, which is comparable to the room-temperature value of K2 for bulk Coy 1.5~106 ergdcm3.
This suggests that the four-fold anisotropy results from the uniaxial structures oriented perpendicularly within a layer rather than intrinsic anisotropies arising from a coherent bcc crystal structure. The value of the exchange coupling, determined from the average saturation field, is J1+ 252 = 0.55 erg/cm2. Modeling of both the magnetization and the MR data is underway using approaches described in
Ref. (7, 9) In addition, torque measurements are planned to better isolate anisotropy from coupling effects and to provide a more insight into the relationship between K1 and K2 in each of the MgO ( 110) and (100) in-plane direction.
